Quantitative assessment of disease activity over time in patients with rheumatoid arthritis (RA) has been accepted as being necessary to guide treatment decisions in clinical practice (1, 2) . In 2012, the American College of Rheumatology (ACR) recommended 6 disease activity measures for point-of-care clinical use: the Clinical Disease Activity Index (CDAI) (3), Simplified Disease Activity Index (SDAI) (4), Disease Activity Score in 28 joints (DAS28) using the erythrocyte sedimentation rate or the OAS28 using the C-reactive protein level (DAS28-CRP) (5), Routine Assessment of Patient Index Data 3 (RAPID-3) (6), and/ or Patient Activity Scale (PAS) and PAS-II (7) .
A disease activity scoring method derived from a panel of serum biomarkers could reflect underlying pathophysiologic processes in RA and thereby complement existing clinical measures of disease activity. A multi-biomarker disease activity (MBDA) test (Vectra DA) has been developed that encompasses 12 individual biomarkers: YKL-40 (human cartilage glycoprotein 39), interleukin-6 (IL-6), leptin, tumor necrosis factor receptor I (TNFRI), vascular endothelial growth factor A, epidermal growth factor, vascular cell adhesion molecule 1, serum amyloid A (SAA), matrix metalloproteinase 1 (MMP-1), MMP-3, resistin, and CRP. The MBDA score was formulated to correlate with the DAS28-CRP, ClinicalTrials with a range of 0-100 and a higher score corresponding to more severe disease activity (8) .
Validation of the MBDA score as a measure of RA disease activity has been performed in patients selected from 3 observational cohorts (9) ; consequently, the validation cohort may have comprised a population with a broader range of disease activity, disease duration, and prior/concomitant medication than may be expected in a clinical trial setting. The association between changes in the MBDA score and changes in the DAS28-CRP has been assessed in patients with RA initiating treatment with methotrexate (MTX) or anti-TNF agents, and changes in the MBDA score over 12 weeks were loosely correlated with corresponding changes in the DAS28-CRP (r 5 0.56 and r 5 0.43 in anti-cyclic citrullinated peptide and/or rheumatoid factor seropositive and double-seronegative patients, respectively) (9). Further studies in patients receiving anti-TNF agents and/ or conventional synthetic disease-modifying antirheumatic drugs (DMARDs) showed that the MBDA score again was loosely correlated with clinical measures of disease activity in these patient groups (10) (11) (12) . In contrast, it has previously been noted that the MBDA score may underestimate the clinical response to tocilizumab (an anti-IL-6 agent) due to treatment-associated increases in serum IL-6 levels (13).
The AMPLE (Abatacept versus Adalimumab Comparison in Biologic-Naive RA Subjects with Background Methotrexate; ClinicalTrials.gov identifier: NCT 00929864) study was a 2-year, phase IIIb, multinational, prospective, randomized, head-to-head study comparing the efficacy and safety of subcutaneous abatacept with that of subcutaneous adalimumab, both on background MTX, in biologic agent-naive patients with active RA and an inadequate response to MTX (14) . Abatacept and adalimumab were similarly effective over 2 years, based on a variety of clinical as well as functional and radiographic outcomes (14, 15) . In the AMPLE study, disease activity was assessed using a range of clinical measures, including the DAS28-CRP, CDAI, and SDAI, making this a suitable study in which to evaluate the correlation of the MBDA score with disease activity. The objective of this post hoc analysis was to assess the ability of the MBDA score to estimate disease activity in patients in the AMPLE study who received abatacept or adalimumab over 2 years.
PATIENTS AND METHODS
Patient population. The AMPLE study included adult biologic agent-naive patients who met the ACR 1987 revised criteria for the classification of RA (16) , had a confirmed diagnosis of RA for #5 years, and in whom the response to MTX was inadequate. At the time of randomization, patients were required to have a DAS28-CRP of $3.2 and a history of anticyclic citrullinated peptide or rheumatoid factor seropositivity or (if seronegative) an elevated erythrocyte sedimentation rate or CRP level.
Study design. The AMPLE study design, including details of ethics approvals, has been reported previously (14) . Briefly, patients were randomized (1:1) to receive subcutaneous abatacept (125 mg weekly without an intravenous loading dose) or adalimumab (40 mg every 2 weeks), both with background MTX (15-25 mg/week, or $7.5 mg/week in patients with documented intolerance).
Efficacy assessments for this post hoc analysis included the DAS28-CRP, CDAI, SDAI, and RAPID-3 at baseline, month 3, year 1, and year 2. Scores were categorized as remission, low disease activity (LDA), moderate disease activity (MDA), or high disease activity (HDA) for the CDAI, SDAI, and RAPID-3, and as ,2.6, 2.6 to ,3.2, 3.2-5.1, or .5.1 for the DAS28-CRP (7) .
Biomarker levels were measured in serum samples collected at baseline, month 3, year 1, and year 2 (performed at Crescendo Bioscience). MBDA scores, provided by the manufacturer and calculated using the published algorithm (8), were categorized using the following manufacturer-established cutoff values: LDA ,30, MDA 30-44, and HDA .44 (8) .
The AMPLE study was conducted in accordance with the Declaration of Helsinki and was consistent with the International Conference on Harmonisation and Good Clinical Practice. The study protocol was approved by the institutional review boards and independent ethics committees at the participating sites.
Statistical analysis. The adjusted mean changes from baseline in the MBDA score at month 3, year 1, and year 2 were calculated for the abatacept and adalimumab groups for all randomized and treated patients with available MBDA data. The adjusted differences and corresponding 95% confidence intervals (95% CIs) in the mean change from baseline in the MBDA score between the abatacept and adalimumab groups were calculated; adjustment was based on an analysis of covariance model with treatment as a factor and baseline MBDA values and DAS28-CRP stratification as covariates.
Cross-tabulation of disease activity classification as defined by the DAS28-CRP, CDAI, SDAI, and RAPID-3 and that based on the MBDA score was performed at baseline, month 3, year 1, and year 2. The percentages of patients without radiographic progression (defined as change from baseline in the total score less than or equal to the smallest detectable change) at year 1 and year 2 were calculated for all randomized and treated patients with available data, stratified by CDAI classification and MBDA score classification.
RESULTS
Patient disposition and baseline characteristics. In the AMPLE study, 646 patients were randomized and treated (318 patients were randomized to the abatacept group, and 328 patients were randomized to the adalimumab group); year 2 was completed by 252 patients and 245 patients, respectively. MBDA data were available for 2084 FLEISCHMANN ET AL 259 patients in the abatacept group and 265 patients in the adalimumab group. The baseline demographics and disease characteristics of the study population have been reported previously (14) . Briefly, the mean age was ;51 years in both arms, the mean disease duration was 1.9 years in the abatacept group and 1.7 years in the adalimumab group, and the mean DAS28-CRP was 5.5 in both arms. The baseline demographics and disease characteristics of patients with available MBDA data were consistent with those of the overall AMPLE study population for both the abatacept and adalimumab groups.
Clinical efficacy. Among patients with MBDA data, the percentage achieving distinct states of remission or LDA (not including remission) after 2 years of treatment was similar in the abatacept and adalimumab groups across clinical measures of disease activity: for CDAI-defined remission, 36.4% versus 34.1%; for CDAI-defined LDA, 29.5% versus 31.0%; for SDAIdefined remission, 35.6% versus 35.7%; for SDAIdefined LDA, 30.3% versus 28.6%; for a DAS28-CRP of ,2.6, 53.0% versus 52.0%; for a DAS28-CRP of 2.6 to ,3.2, 11.4% versus 15.0%; for RAPID-3-defined remission, 35.1% versus 24.6%; and for RAPID-3-defined LDA, 19.1% versus 26.2% for abatacept and adalimumab, respectively (Table 1) .
Multi-biomarker disease activity. At baseline, the mean 6 SD MBDA scores for HDA were 49.7 6 16.7 in the abatacept group and 51.0 6 15.5 in the adalimumab group. There was marked discordance in the mean change (improvement) in the MBDA score from baseline over 2 years for both abatacept and adalimumab ( Figure 1A ) compared with clinical disease activity measures ( Figure 1B ). For abatacept and adalimumab, Figure 1 . Adjusted mean changes from baseline over time in the multi-biomarker disease activity (MBDA) score (A) and the Disease Activity Score in 28 joints using the C-reactive protein value (B) for all randomized and treated patients for whom an MBDA score was available. The last observation carried forward approach was used. Horizontal bars show the 95% confidence interval. SC 5 subcutaneous.
respectively, the adjusted mean changes from baseline in the MBDA score were 27.84 versus 211.25 at month 3, 28.15 versus 213.09 at year 1, and 211.66 versus 212.54 at year 2. The adjusted differences in the mean change from baseline in MBDA scores for abatacept versus adalimumab were 3.41 (95% CI 0.94, 5.88) at month 3, 4.95 (95% CI 2.56, 7.33) at year 1, and 0.89 (95% CI 22.35, 4.12) at year 2.
Correlation between multi-biomarker disease activity and clinical outcomes. At baseline, most patients had MDA or HDA according to both clinical measures and the MBDA score: 98.8% (CDAI), 98.8% (SDAI), 96.7% (DAS28-CRP $3.2), 96.2% (RAPID-3) versus 85.3% (MBDA) in the abatacept arm, and 98.0% (CDAI), 98.0% (SDAI), 97.2% (DAS28-CRP $3.2), 96.8% (RAPID-3) versus 93.6% (MBDA) in the adalimumab arm (Table 1) . At subsequent time points, the percentages of patients with MBDA-defined LDA, MDA, or HDA were inconsistent with the percentages associated with validated clinical measures of disease activity ( Table  1 ). The CDAI is considered to be an accurate, stringent measure of disease activity (7); however, there was no association between CDAI-defined disease activity and the MBDA score at subsequent time points for either treatment (Figure 2 ; see also Supplementary Table 1 and Supplementary Figure 1 , available on the Arthritis & Rheumatology web site at http://onlinelibrary.wiley.com/ doi/10.1002/art.39714/abstract). For example, at both year 1 and year 2, across both treatment groups, many patients with CDAI-defined remission or LDA had MBDA-classified HDA ( Figure 2B ; see also Supplementary Figure 1) . Similarly, there was no association between disease activity as defined by the DAS28-CRP, SDAI, or RAPID-3 and the MBDA score for either treatment (Figure 2 ; see also Supplementary Tables 2  and 3 
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Correlation between clinical efficacy and multibiomarker-defined disease activity and status of radiographic progression. In both treatment groups, radiographic nonprogression at years 1 and 2 was most common in patients with CDAI-defined remission or LDA and least common in patients with HDA ( Figure 2C ; see also Supplementary Table 4, available 
DISCUSSION
The MBDA test described herein is available to physicians in the US for the assessment of disease activity in adult patients with RA. The MBDA score has been postulated to be a generally reliable measure of disease activity in patients receiving conventional synthetic DMARDs and/or anti-TNF agents (9) (10) (11) (12) . However, in the current study, no clear association was observed between MBDA scores and commonly used and validated clinical measures of disease activity over 2 years, regardless of the level of disease activity (remission, LDA, MDA, or HDA) or treatment (abatacept or the anti-TNF agent adalimumab). Additionally, there was a clinically significant disparity in the proportion of radiographic nonprogressors with HDA defined by the MBDA score versus the CDAI, further emphasizing that the MBDA score may not provide information consistent with that provided by validated clinical measures.
A range of measures are available for the assessment of disease activity in routine clinical practice (7); however, it is hoped that a biomarker panel may complement clinical assessment by providing additional insight into underlying RA pathophysiology. Such an assay may Figure 2 . A and B, Comparison of clinical measures of disease activity and MBDA score categories, for the Disease Activity Score in 28 joints using the C-reactive protein level (DAS28-CRP) (A) and the Clinical Disease Activity Index (CDAI) (B), at baseline and year 2. C and D, Comparison of disease activity as assessed using the CDAI (C) and the MBDA score (D) in patients with radiographic nonprogression, at years 1 and 2. For the CDAI, remission was defined as a score of #2.8, low disease activity (LDA) as a score of .2.8 to #10, moderate disease activity (MDA) as a score of .10 to #22, and high disease activity (HDA) as a score of .22. For MBDA, LDA was defined as a score of ,30, MDA as a score of 30-44, and HDA as a score of .44. Radiographic nonprogression was defined as change from baseline in the total score less than or equal to the smallest detectable change. See Figure 1 for other definitions.
provide a quantitative measure of RA disease activity against which the effect of subsequent interventions can potentially be measured (i.e., response to therapy), thereby aiding physicians in making patient-specific decisions for the management of RA. It is therefore important to establish whether the MBDA test itself is a biomarker panel that can strongly correlate with clinical disease activity scores for individual RA treatments.
Data evaluating the MBDA in patients treated with abatacept are limited. In a previous analysis from the ASSET trial (Impact of Intravenous Abatacept on Synovitis, Osteitis and Structural Damage in Patients with Rheumatoid Arthritis and an Inadequate Response to Methotrexate; a randomized, controlled trial), reported in an abstract only, in which patients with an inadequate response to MTX were randomized (1:1) to receive abatacept or placebo, both on background MTX, those randomized to receive abatacept had greater improvements in the DAS28-CRP and MBDA scores compared with those who received placebo (17) . Using pooled data from the abatacept and placebo groups, a modest but statistically significant correlation was identified between clinical disease activity (DAS28-CRP) and the MBDA score over the first month of the study (r 5 0.47, P , 0.001); however, this correlation was not assessed at later time points (17) . Furthermore, a significant association between a European League Against Rheumatism-defined good response (18) at week 16 and change in the DAS28-CRP over the first month of the study (P 5 0.02) was observed, whereas the association with change in MBDA score over this time period was marginally significant (P 5 0.05). Because these data were reported in abstract form only, it is difficult to assess the relevance of the correlation between the DAS28-CRP and the MBDA score at 1 month and the predication of subsequent events.
In the current (larger) comparative analysis, improvements in the MBDA score over 2 years differed somewhat between adalimumab and abatacept at month 3 and year 1 (but not at year 2) despite comparable efficacy across clinical measures of disease activity, including inhibition of radiographic progression. Although differences in MBDA score-defined improvement for adalimumab versus abatacept were statistically significant at month 3 and year 1, it is unclear whether the differences of ;3 units at month 3 and 5 units at year 1 are clinically significant. In addition, the mean improvement in the MBDA score over 2 years of ;12 units in both the abatacept and adalimumab groups indicated that most patients still had MDA at year 2, as measured by the MBDA score, regardless of the treatment received, and yet had remission or LDA based on clinical measures. At year 2, most patients in both treatment groups had not shown radiographic progression, with a reasonably even distribution of ;20-35% (depending on the medication) of nonprogressors falling into each MBDA category, including HDA. In contrast, most patients had achieved at least CDAI-defined LDA, with very few patients showing radiographic progression, irrespective of treatment.
Differences in the MBDA profile for non-anti-TNF biologic agents versus anti-TNF agents were previously observed, including a small study of tofacitinib (a JNK inhibitor) and a study of tocilizumab (an anti-IL-6 agent) (13, 19) . In the study of 37 patients with RA who were treated with tofacitinib, a statistically significant increase in the leptin level over 1 year was observed. In that study, the MBDA score captured the overall effect of tofacitinib on RA disease activity; however, the effect of tofacitinib on the leptin level requires further clarification (19) . In a subanalysis of the ACT-RAY study (Clinical Trials.gov identifier: NCT00810199), the MBDA score underestimated the clinical response to tocilizumab as measured by the DAS28-CRP and CDAI over 24 weeks, in accordance with substantial increases in measured IL-6 concentrations countering decreases in CRP, SAA, and other biomarkers (13) . Taken together, these findings highlight the need for cautious interpretation of MBDA scores in the context of all available clinical information.
Prospective data comparing clinical outcomes assessed using the MBDA score with those assessed using ACR-recommended measures (7) are needed to determine whether assessment using the MBDA test can enhance disease management. In the present study, the MBDA score did not reflect disease activity as measured using the CDAI, SDAI, DAS28-CRP, or RAPID-3 in patients treated with abatacept or adalimumab, indicating that assessment using the MBDA test may be of limited value for evaluating outcome in the clinical setting. In this study, the lack of association between clinical or radiographic measures of disease activity and the MBDA score for both abatacept and adalimumab conflicts with previous findings for anti-TNF agents (9, 11, 12) . Of note, the patient population included in the AMPLE trial differs from the original MBDA validation cohort (9) . Patients enrolled in the AMPLE study were naive to biologic therapy, had an inadequate response to MTX, moderate-to-severe disease activity, and a mean disease duration of ,2 years and were systematically followed up for 2 years. In contrast to patients in the AMPLE study, the MBDA validation cohorts included patients who were older and had less-active disease (lower median DAS28-CRP and patient global assessment of disease activity), and were selected from 3 prospective studies encompassing a range of prior treatment patterns and assessed over only 6-12 weeks (9) . 2088 FLEISCHMANN ET AL Limitations of this study include the lack of available MBDA data for some patients who participated in the AMPLE trial. The findings presented here should be interpreted in the context of this being a post hoc analysis and only as it pertains to the utility of the MBDA test to serve as a measurement of RA disease activity.
In conclusion, MBDA scores did not reflect disease activity as assessed by radiographic nonprogression or using the CDAI, SDAI, DAS28-CRP, or RAPID-3 in patients treated with abatacept or adalimumab in the AMPLE trial. These findings indicate that the MBDA score should not be used to guide RA management decisions, particularly in patients treated with abatacept or adalimumab as a first biologic agent. Treatment decisions in RA should be based on clinical judgment, utilizing the disease activity measures recommended by the ACR for point-of-care clinical use.
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